A non-motile, yellow-coloured and rod-shaped bacterium, designated strain SFD34
The genus Dokdonia, a member of the family Flavobacteriaceae in the phylum Bacteroidetes, was proposed by Yoon et al. [1] with the type species, Dokdonia donghaensis, isolated from seawater. Subsequently, three Krokinobacter species, Krokinobacter genikus, Krokinobacter diaphorus and Krokinobacter eikastus, isolated from marine sediment [2] were reclassified as Dokdonia genika, Dokdonia diaphoros and Dokdonia eikasta, respectively [3] , and the description of the genus Dokdonia was also emended. At the time of writing, the genus Dokdonia comprises five species with validly published names. Members of the genus are Gram-stain-negative, aerobic, nonspore-forming, non-motile and rod-shaped, and contain MK-6 as the predominant menaquinone and iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G as major fatty acids [1, 3] . In the course of a study of bacterial diversity in a bed of seaweed that included the brown alga Sargassum fulvellum, a novel bacterial strain, designated SFD34 T , was isolated. The aim of the present study was to investigate the possibility that strain SFD34 T may represent a novel species of the genus Dokdonia. Here, we describe the phenotypic and phylogenetic characteristics of strain SFD34 T .
Strain SFD34
T was isolated from the brown alga Sargassum fulvellum, collected from a natural seaweed bed in the South Sea Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously [4] . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server [5] and BLAST search program at the NCBI website (http://blast.ncbi.nlm. nih.gov/Blast.cgi). The novel sequence and related sequences were aligned by using CLUSTAL_W [6] , and the alignment was refined using BioEdit version 7.2.0 [7] . Phylogenetic analysis was performed by using MEGA version 6.06 [8] . Phylogenetic trees were inferred using the neighbour-joining [9] , maximum likelihood [10] and maximum-parsimony [11] algorithms. The distance matrix of the neighbour-joining method was generated according to the model of Jukes and Cantor [12] . The robustness of the topology in the neighbour-joining phylogenetic tree was evaluated by bootstrap analyses [13] based on 1000 resamplings. 
Aquimarina mytili PSC33 T (HM998910)
Salinimicrobium gaetbulicola BB-My20 T (JF340052)
Salinimicrobium catena HY1 T (DQ640642)
Nonlabens tegetincola UST030701-324 T (AY987349)
Nonlabens sediminis CKA-5 T (AB206954)
Gilvibacter sediminis Mok-1-36 T (AB255368)
Jejuia pallidilutea EM39 T (EU443204)
Algibacter aestuarii KYW371 T (HQ405792)
Algibacter pectinivorans JC2675 T (HM475134)
Pseudofulvibacter geojedonensis YCS-9 T (JN885200) T and five recognized species of the genus Dokdonia and the distinct phyletic line of strain SFD34
T within this clade was consistently recovered in both the maximum-likelihood and the maximumparsimony trees. It is clear from 16S rRNA gene sequence similarity data and phylogenetic analysis that strain SFD34 T represents a novel species in the genus Dokdonia.
Growth on various standard bacteriological media was tested by using nutrient agar (NA; Becton Dickinson), Reasoner's 2A (R2A; Becton Dickinson) agar, plate-count agar (PCA; Becton Dickinson), tryptic soy agar (TSA; Becton Dickinson) and Zobell's agar [14] . Cells grown on MA at 30 C for 2-3 days were used for the physiological and biochemical tests. The Gram-reaction test was performed by using the bio-M erieux Gram stain kit according to the manufacturer's instructions and the Ryu non-staining KOH method [15] . Cell morphology was observed by phase-contrast (ICC50; Leika) and transmission electron (CM-20; Philips) microscopy using cells grown at 30 C for 3 days on MA. Motility was examined by observing the cells grown in wet mounts using a phase-contrast microscope (ICC50; Leika). Flagellation was determined with a transmission electron microscope (CM-20; Philips) using cells cultured for 3 days in marine broth (MB; Becton Dickinson). Requirement and tolerance of sea salts (Sigma) or NaCl (final concentration: 0-10 %, using increments of 1 %) for growth was tested on ZoBell's agar and on MA prepared without NaCl. The growth experiment at pH 4-11 (increments of 1 pH units) was performed using MB containing 100 mM acetate buffer, 100 mM NaH 2 PO 4 / Na 2 HPO 4 buffer and 100 mM NaHCO 3 /Na 2 CO 3 buffer, at pH 4-5, 6-8 and 9-11, respectively. The optimal temperature and temperature range for growth was tested on MA at 4 and 10-45 C (at 5 C intervals). Anaerobic growth was tested on MA in a jar containing the AnaeroPack-Anaero (Mitsubishi Gas Chemical), which works as an oxygen absorber and a CO 2 generator, for up to 10 days. Catalase and oxidase activities were tested in 3 % (v/v) hydrogen peroxide and oxidase reagent (bioM erieux), respectively. Acid production from sugars was tested as described by Yamaguchi and Yokoe [16] . Simmon's citrate test was carried out in Simmons' citrate agar (Sigma). H 2 S production was determined on Kligler iron agar (Becton Dickinson) according to Smibert and Krieg [17] . Degradation of the following macromolecules was tested using MA as the basal medium and incubation at 30 C for 10 days: alginate (0.5 %, w/v), carboxymethyl cellulose (CMC; 1 %, w/v), casein (2 % skimmed milk, w/v), chitin (1 % colloidal chitin, w/v), starch (0.5 %, w/v), Tween 20 (1 %, w/v), Tween 80 (1 %, w/v), L-tyrosine (0.5 %, w/v) and xylan (1 %, w/v). Degradation was revealed by formation of clear zones around the colonies either directly [18] or after flooding with adequate staining solutions [17] . Decomposition of xylan (1 %, w/v) was tested using MA as the basal medium [19] . DNase activity was determined with DNase test agar (Becton Dickinson). The presence of flexirubin-type pigments was tested using the KOH test as described by Bernardet et al. [20] . Some physiological characteristics and enzyme activities were determined using API 20NE and API ZYM kits (bio-M erieux) prepared according to the manufacturer's instructions. Antibiotic resistance was determined with disc diffusion method [21] using commercial antibiotic-impregnated discs (Becton Dickinson). After 5 days of incubation at 30 C on MA, the results were interpreted according to the guidelines set forth by the Clinical and Laboratory Standards Institute [22] .
Cells were Gram-stain-negative, non-motile and rodshaped, approximately 0.5 µm in diameter and 2.0-3.2 µm in length (Fig. S1 , available with the online Supplementary Material). Colonies were circular, convex, smooth, 1.5-2 mm in diameter and yellow-coloured on MA after 3 days. The isolate could not grow on sea salt-free ZoBell's medium supplemented with NaCl and required sea salts for growth. Table 1 and the species description.
For cellular fatty acid analysis, strain SFD34
T and reference strain were grown on MA and harvested at late exponential growth phase, i.e. after 2 days at 30 C. Extraction of fatty acid methyl esters and separation by gas chromatography were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the TSBA6 database. For analyses of polar lipids and the isoprenoid quinone, cells grown in MB for 3 days at 30 C were harvested and freeze-dried. Polar lipids were extracted and separated by two-dimensional thin-layer chromatography (TLC) according to the procedures described by Minnikin et al. [23] . Individual lipids were identified by spraying the plates with appropriate detection reagents such as ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol for detecting total polar lipids, phospholipids, aminolipids and glycolipids, respectively [24] . Isoprenoid quinones were extracted and purified according to Minnikin et al. [23] and analysed by TLC as described by Collins [25] . For DNA G+C content calculations, the DNA sample was prepared in triplicate and determined by the thermal denaturation method of Marmur and Doty [26] .
The fatty acid profiles of strain SFD34
T and the reference strain are described in Table 2 . The predominant fatty acids (>10.0 % of the total) of strain SFD34
T were iso-C 15 : 0 (30.4 %), iso-C 17 : 0 3-OH (22.2 %) and iso-C 15 : 1 G (17.7 %), which were similar to those of the reference strain although some quantitative differences were noted; for example, strain SFD34
T contained more iso-C 15 : 1 G and less iso-C 15 : 0 and iso-C 17 : 0 3-OH than the reference strain. The only isoprenoid quinone was menaquinone 6 (MK-6). Strain SFD34 T contained mainly phosphatidylethanolamine, two unidentified aminophospholipids and two unidentified phospholipids; additionally, two unidentified phospholipids and two unidentified polar lipids were also detected (Fig. S2) . Compared to other Dokdonia species, the presence of unidentified aminophospholipids as major polar lipids in strain SFD34
T was distinguished [1, 27] . The DNA G+C content of strain SFD34 T was 35 mol%, which falls within the range reported for members of the genus Dokdonia (33-39 mol%) [3, 27] .
On the basis of data from the polyphasic study presented here, it is evident that strain SFD34
T represents a novel species in the genus Dokdonia, for which the name Dokdonia lutea sp. nov. is proposed.
DESCRIPTION OF DOKDONIA LUTEA SP. NOV.
Dokdonia lutea (lu¢te.a. L. fem. adj. lutea yellow-coloured).
Cells are Gram-stain-negative, aerobic, non-motile, rodshaped and approximately 0.5 µm in diameter and 2.0-3.2 µm in length. Colonies are circular, convex, smooth, 1.5-2 mm in diameter and yellow-coloured after growth on MA after 3 days. Growth occurs on MA but not on NA, PCA, R2A, TSA and Zobell's agar. Requires sea salts concentration of 4-6 % (w/v) (optimum, 5 %) for growth and growth does not occur on sea salt-free ZoBell's medium supplemented with NaCl only. Growth occurs at pH 5-9 (optimum, pH 8) and at C (optimum, 25-30 C). Catalase-positive and oxidase-negative. Indole and H 2 S are not produced. Gelatin, starch and Tween 80 are hydrolysed, but alginate, casein, chitin, CMC, DNA, aesculin, Tween 20, L-tyrosine and xylan are not. Assimilation of adipic acid, arabinose, capric acid, glucose, malic acid, maltose, mannitol, mannose, phenylacetic acid, potassium gluconate, trisodium citrate and N-acetyl-glucosamine are negative. Acid production from fructose, galactose, glucose, lactose, maltose, mannitol, mannose, rhamnose, sucrose, trehalose and xylose are negative. Acid phosphatase, alkaline phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), Nacetyl-b-glucosaminidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase activities are present but a-chymotrypsin, a-fucosidase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14) and a-mannosidase activities are absent. The predominant fatty acids (>10.0 % of total T ; 2, Dokdonia pacifica KTCT 52761 T . Data from this study unless otherwise indicated. +, Positive; -, negative. All strains were yellow-coloured, had a aerobic metabolism and were positive for activity of acid phosphatase, alkaline phosphatase, catalase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase, and hydrolysis of starch and Tween 80. All strains were negative for gliding motility and production of flexirubin-type pigments, H 2 S and indole, reduction of nitrate to nitrite, hydrolysis of arginine, casein, chitin, DNA, Tween 20, urea and xylan and activity of a-chymotrypsin, a-fucosidase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, bglucuronidase, lipase (C14) and a-mannosidase, and acid production of fructose, galactose, glucose, lactose, maltose, mannitol, mannose, rhamnose, sucrose, trehalose and xylose. 
